Reasons for performing study: T h e re is little information about the prevalence of gastric ulcers in Standardbred trotters and potential correlations between ulcers and various traits, e.g. age, sex, performance, temperament and feeding re g i m e n s , need furt h e r e l u c i d a t i o n . 
Introduction
Equine gastric ulcer syndrome has been shown to be a common cause of poor health in mature horses Murray 1992; Sandin et al. 2000) and foals (Murray 1989; Murray et al. 1990; Sandin et al. 1999) . Gastric ulcers have been identified in the nonglandular stratified squamous mucosa, m a rgo plicatus, glandular mucosa and pyloric region of the stomach, with the nonglandular stratified squamous mucosa along the m a rgo plicatus most commonly affected (Hammond et al. 1986; Murray 1989; Johnson et al. 1994; Sandin et al. 1999 Sandin et al. , 2000 Begg and O'Sullivan 2003) . Clinical signs associated with the syndrome include abdominal discomfort, diarrhoea, rough hair coat, poor appetite, weight loss, depression and decreased performance (Murray 1992 (Murray , 1994b Vatistas et al. 1999a; Sandin e t a l . 2000) .
Studies in Thoroughbred racehorses have shown a prevalence of gastric ulcers of 66-93% (Hammond et al. 1986; Murray et al. 1989 Johnson et al. 1994; Vatistas et al. 1999a; Begg and O'Sullivan 2003) . In show horses, the corresponding figure was 58% (McClure et al. 1999) . In active Standardbreds, Rabuffo et al. (2002) showed an ulcer prevalence of 87%. In a retrospective study of necropsied Swedish horses, Sandin et al. (2000) found a prevalence in Standardbreds of 19%.
Attempts have been made to identify predisposing factors for ulcers in mature horses. Factors such as stall confinement, race training, type of feed, temperament and medication have been discussed. Horses in stall confinement have been found to have a higher ulcer score than those on pasture (Murray and Eichorn 1996) . In a post mortem study, Hammond et al. (1986) showed a significantly higher prevalence (80%) of gastric ulcers among Thoroughbreds in race training compared with horses that had retired (52%), a finding supported by other authors Vatistas et al. 1999b) . It has been suggested that a high-grain, low-hay diet would increase the incidence of ulcers (Hammond et al. 1986 ). In cannulated horses, Nadeau et al. (2000) showed that bromegrass hay produced significantly lower gastric pH and higher frequency of gastric ulcers than did alfalfa hay-grain. Deprivation of feed for repeated periods has also been shown to cause gastric ulcers (Murray 1994a) . A n e r v o u s disposition is often discussed as a predisposing factor and has been shown to be associated with gastric ulcers in one study (McClure et al. 1999) ; however, in a study of Thoroughbred racehorses, Vatistas et al. (1999a) failed to show the same association. Administration of nonsteroidal anti-inflammatory drugs (NSAIDs) has been proven to cause ulcers in the glandular portion of the stomach (MacAllister et al. 1993) , but in studies where primarily the squamous mucosa were studied, the same association was not evident (Hammond et al. 1986; Murray et al. 1989 McClure et al. 1999; Vatistas et al. 1999a; Rabuffo et al. 2002) . Further estimates on the prevalence of and risk factors for equine gastric ulcer syndrome are needed.
The purpose of this study was to estimate the prevalence of ulcers in the gastric squamous mucosa in Swedish Standardbred trotters and to determine the associations between ulcer score and age, sex, performance, temperament and feeding regimens, using a cross-sectional sample of horses in active race training.
Materials and methods

Study design
A cross-sectional study, approved by the Ethical Committee of Swedish National Board for Laboratory Animals, was performed from October 2002 to February 2004 on horses age ≥2 years in race training. Nine trainers were asked to participate in the study, but not allowed to choose which horses were to undergo examination. Either all of the horses (5 of the trainers, 53 of the horses in the final sample) or horses in a part of the stable determined by the examiner (4 of the trainers, 27 of the horses) were examined. A total of 3 horses in the selected sample of 87 could not take part in the study because they were due to participate in a race. Two horses had to be excluded because too much feedstuff was present in the stomach and another 2 due to great difficulties in passing the endoscope through the nasal cavity. The final sample size was 80 horses subjected to gastroscopic examination.
Questionnaire
Trainers were asked to complete a questionnaire prior to endoscopic examination. The questionnaire contained questions on age, gender, status of training, performance over the past 4 months compared to the trainer's expectations before that period, behaviour, eating habits, type of feed, type of bedding, time spent outdoors per day and medical treatments during the last month. Further, 2 questions about number of feedings per day and diseases during the last 4 months were originally included, but were not analysed because of difficulties in categorising data. The answers in the questionnaire were unknown to the person who performed the endoscopy.
Before the gastroscopic examination, the examiner assessed the body condition of the horse. Information about the racing history of the horse was received from the Swedish Board of Standardbred Racing. The categories for each of the variables are shown in Table 1 .
Gastroscopic examination
Before gastroscopy, horses were fasted for 12-18 h, then were sedated with detomidine (Domosedan 1 ; 10-15 µg/kg bwt i.v.). The examination was performed with a 12 mm diameter, 3.25 m flexible videoendoscope (EV-G 325 Flexible Videogastroscope) 2 . A thorough examination of the squamous epithelium was performed with special emphasis on the region closest to the margo plicatus. Water flushed through the biopsy channel was used to rinse the mucosa if necessary. Ulcers were scored from 0 to 4 where 0 = no lesions, 1 = 1 or 2 localised lesions with no haemorrhage, 2 = 3-5 localised lesions with no haemorrhage, 3 = 5-10 lesions with no haemorrhage, and 4 = >5 lesions with haemorrhage, >10 lesions with no haemorrhage, or a large area of diffuse loss of surface epithelium (Furr and Murray 1989) . All examinations were performed by the same clinician (H.J.).
Statistical analysis
Overall results are presented by the 5 stipulated ulcer scores and, with respect to possible risk factors, analysed for those with no or very mild lesions (ulcer scores 0 and 1 combined) compared with those with mild to severe lesions (ulcer score 2 and above). To simplify, the former group is termed 'without ulcer' and the latter 'with ulcer'. The marginal effect of each of the registered risk factors was determined using univariable logistic regressions for the outcome 'with ulcer' vs. those 'without ulcer'. These univariable logistic regressions were performed incorporating trainer as a random effect (see below). In order to analyse the data s t a t i s t i c a l l y, a number of variable categories were amalgamated. For the variables 'expected performance' and 'temperament', categories 4 and 5 (better and much better than expected, and nervous and very nervous, respectively) were combined to ' b e t t e r' and 'nervous' and categories 1 and 2 (much worse and worse than expected, and very calm and calm) were combined to ' w o r s e ' and 'calm'. For speed of eating, categories 4 and 5 (slow and very slow) were combined to 'slow'. For 'appetite', categories 3, 4 and 5 (medium to very bad) were combined to 'medium-bad'. For the variable body condition, categories 1 and 2 (very thin and thin) were combined to 'thin' and categories 3, 4 and 5 (medium, fat and very fat) combined to 'medium-fat'.
The presence of collinearity between variables that could be suspected to be closely linked on biological grounds (age, racing history and earnings) was investigated using Pearson's correlation. These 3 variables, as well as the variable 'time spent outdoors', were tested further as continuous variables in the logistic regressions, but were not linearly related to the logit of the outcome, why they were used in the categorised format. Table 1 also indicates the baselines used in the logistic regressions for each variable. The amalgamated categories that had the lowest percentages of ulcers were chosen as baselines. Stable location was not included in any of the logistic models, because it could not be determined reliably for 16 horses.
The model presented was a logistic model, where the variable trainer was used as a random effect to account for the possibility of clustering within trainer. The full main effect models, including all variables irrespective of collinearity, as well as using only one of the collinear variables at a time, were reduced sequentially using the type 3 criterion, with the aim of retaining only variables with P≤0.05. It was decided to test 2-way interactions for variables for which P≤0.2 during the model reduction. The final model was validated using the ratio of deviance to degrees of freedom as well as by plotting Pearson's residuals against predicted values and covariates. The SAS procedure GENMOD 3 was used for logistic regression. The random variable was included in the REPEATED statement and used with an exchangeable correlation structure (implying that within each trainer, correlations are the same).
Results
The distribution of the registered variables in the 80 horses sampled is presented in Table 1 . Mean and median ages of the horses were 4.2 and 4 years, respectively, with a range of 2-11 years. None of the examined horses had received any type of acid-suppressive treatment and only 2 horses had been treated with NSAIDs during the month before examination. One Gastrophilus larva was found in one of the examined horses.
Ulcer scores from examination of the squamous mucosa are shown in Figure 1 . Mean ulcer score was 1.34 and median score was 1. Figure 2 shows how the total and ulcer-positive horses were distributed according to the 9 trainers. Table 2 shows type 3 P values and odds ratios (ORs) with 95% confidence intervals (CIs) for each variable, when trainer was included as a random eff e c t . The following Pearson's correlations coefficients were found; for age vs. earnings 0.57 (P<0.0001), age vs. number of races 0.80 (P<0.0001) and earnings vs. number of races 0.89 (P<0.0001).
In the multivariable analysis, with trainer as random eff e c t , only one variable, status of training, was retained. However, the type 3 criterion was only borderline significant (P = 0.0518). T h e OR for 'preparatory training' was 5.0 (95% CI 1.4-17.8) and for 'has raced in the last month' 14.7 (95% CI 2.4-89), compared with baseline 'fit for race but has not raced in the last month'. The ratio of deviance to degrees of freedom was 1.25, demonstrating an overall good fit. As there was only one variable with 3 categories including baseline, there were only 6 different predicted values. The lower predicted values were associated with higher positive residuals. Plotted against status of training, the highest residual was positive for horses that had raced in the last month (the conclusion was that the model was acceptable, although not perfect).
Discussion
Prevalence of ulcers in the gastric squamous mucosa
The results of the present study demonstrated a moderately high prevalence of ulcers in the gastric squamous mucosa in Swedish Standardbreds. Of the 80 horses examined, 56 (70%) had one or more lesions in the squamous mucosa (ulcer score 1 or more). T h i s prevalence is similar to that found in previous studies in Thoroughbred racehorses (Hammond et al. 1986; Murray et al. 1989 Vatistas et al. 1999a; Begg and O'Sullivan 2003) , show horses (McClure et al. 1999) and Standardbreds (Rabuffo e t a l . 2002), but higher than the result of a retrospective study (19%) of Swedish Standardbreds necropsied 1924 (Sandin et al. 2000 . Reasons for the discrepancy between the results of diff e r e n t studies might include differences in climate, season, breed, feed, training intensity, classification of ulcers.
Issues concerning population and study design
In the present study, trainers were not allowed to select horses themselves. If possible, all horses in the stable were examined. Where this was not possible, horses from one part of the stable, determined by the examiner, were included. A potential bias in some studies could be that trainers who provide their horses for gastroscopy might choose horses that have not performed well or have shown signs suggestive of gastric ulcers, which might overestimate the prevalence of gastric ulcers. Another source of discrepancy between different studies might be variability between observers in scoring the ulcers. Several scoring systems for number, severity or both of equine gastric ulcers have been described (Furr and Murray 1989; McClure et al. 1999; Andrews et al. 1999) . MacAllister et al. (1997) showed that there was significant variability between e n d o s c o p i s t s ' scores for the number of squamous ulcers, whereas there was better agreement in scoring for severity. In a study comparing endoscopic and necropsy scoring of gastric ulcers, Andrews et al. (2002) proved endoscopy to be a good and sensitive method for identifying nonglandular lesions, although the number of ulcers may be underestimated. Small ulcers in the glandular mucosa appeared to be easily missed. We used a scoring system presented by Furr and Murray (1989) , in which severity and number of nonglandular ulcers were scored together.
Statistical issues
We considered a model with a random trainer effect to be more appropriate than those without trainer included. Without this random effect included, a number of variables became statistically significant in an ordinary logistic regression model (results not shown), including 2 collinear variables (age and racing history). Omitting one of these, starting with either, produced the same model, with status of training and expected performance as sole significant effects; OR for 'preparatory training' was 6.5 (95% CI 1.2-34.0) and for 'has raced in the last month' 13.9 (95% CI 2.3-85.0), compared to the baseline 'fit for racing but has not raced in the last month' (these ORs being close to those from the random effects model). For 'performed as expected' OR was 0.3 (95% CI 0.1-0.8) and for 'performed better than expected' 0.2 (95% CI 0.05-1.10), compared with the baseline 'worse than expected' (results not shown).
TA B L E 2: Univariable odds ratios (ORs), 95% confidence intervals (CIs) and type 3 P values with trainer included as random effect on outcome for 'with ulcer' vs. 'without ulcer' in 80 Standardbred horses undergoing gastroscopy
Random effect Variable
Type 3 
Risk factors associated with gastric ulcers
Of the potential risk factors studied, only status of training showed a significant association with gastric ulcers of the squamous mucosa (even if the type 3 P value was only borderline significant, the confidence intervals were well above 1 given the chosen baseline, indicating statistical significance). Horses in preparatory training and those that had raced during the last month had a significantly higher risk of having ulcers than did horses that were fit for racing but had not raced during the last month. Although it could not be shown in the present study, it has previously been demonstrated that lesions in the gastric squamous mucosa in racehorses increase with age Rabuffo et al. 2002) . This might be because race training in itself increases the acidity in the stomach and also increases the risk for the squamous mucosa to be exposed to acidic gastric contents (Lorenzo-Figueras and Meritt 2002) . It can be hypothesised that the longer a horse is in training the greater is the risk for developing gastric ulcers. It is therefore intriguing that horses in preparatory training were more affected than those that were fit for racing but had not raced during the last month, since the former, in general, had been in training for a shorter period. A plausible explanation for this might be that horses in preparatory training often are subjected to longer training sessions than older horses that have reached a higher level of fitness. Longer training sessions mean that the squamous mucosa is exposed to the acidic gastric contents for a longer period (Lorenzo-Figueras and Meritt 2002 ). An association between gastric ulcers and decreased performance has only been previously demonstrated in one report. Vatistas et al. (1999a) examined 174 T h o r o u g h b r e d racehorses and showed an association between the presence of gastric ulcers and decreased performance (described as the t r a i n e r's assessment of the horse performing below the expected performance). Although only a univariable association, it is interesting to note that, in the present study, actual compared with expected performance showed an association with ulcer score (without trainer as random effect, OR for expected performance 0.2 [95% CI 0.1-0.6] and for better performance than expected 0.3 [95% CI 0.1-1.3] compared with baseline worse performance than expected, type 3 P value = 0.002). T h e mechanism by which lesions in the gastric mucosa aff e c t performance remains to be elucidated.
The high prevalence of gastric ulcers in sport horses described in the present as well as in other studies is a challenging phenomenon. The obviously multifactorial nature of equine gastric ulcer syndrome makes prevention difficult. Further studies are needed to determine the aetiology of the syndrome and to find ways to, if possible, reduce the frequency of occurrence of gastric ulcers.
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